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ABSTRACT

Background: Authors examined serum vitamin D status among the healthy school children belonging to the south
Indian state of Kerala.

Methods: A cross-sectional study, participants were recruited through medical camps organized in Thrissur and
Palakkad districts of central Kerala during the months of March and April 2017. A 174 healthy school children (98
males and 76 females) aged 5-13 years were recruited for the study. The children were found to be healthy on the
basis of physical examination by a Paediatrician. None of the children had any symptoms of skeletal deformities. All
the children were drug-naive. Data on height, weight, skin color, food habits, physical activities and socio-economic
status were recorded. A 2ml of peripheral blood samples were collected from the participants. Total vitamin D in the
serum was estimated by chemiluminescence immunoassay (CLIA).

Results: VDD was observed in 60.92% and insufficiency in 30.46% of the participants. Only 8.62% of the
participants had normal vitamin D levels. The mean vitamin D level was 19.93 ng/ml. Males had significantly higher
vitamin D levels compared to females. Factors such as age, height, weight, diet, skin color and socio-economic status
did not influence vitamin D levels.

Conclusions: This is the first study of vitamin D status among the school-age children of Kerala. This paper adds

further evidence to the reports indicating high prevalence of subclinical VDD among children across India and calls
for action.
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INTRODUCTION

Vitamin D deficiency (VDD) is a global health problem.
Conventionally, VDD was primarily found to lead to
rickets in children and osteomalacia and osteoporosis in
adults. Furthermore, vitamin D is suggested to have a role
in preventing the risk of several chronic illnesses such as
neoplasms, autoimmune diseases, infectious diseases,
cardiovascular diseases, respiratory diseases,
musculoskeletal disorders and neurological disorders.*

Worldwide, ~1 billion people are estimated to have VDD,
which in turn, is associated with diverse health
consequences. Reports from U.S.A, Europe, Canada,
Africa, Australia, Brazil, China, Middle East, Mongolia
and New Zealand indicate a high incidence of VDD
among adults and children.1°

VDD is very common in India as well. VDD as high as
70-100% has been reported among the apparently healthy
individuals belonging to all age groups (healthy children,
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adolescents, young adults and elderly people) residing in
different regions (northern, southern eastern, western) of
India, with the incidence being similar among subjects
from rural and urban areas.'*"*®

In this cross-sectional study, authors examined serum
vitamin D status among healthy school children residing
in central Kerala.

METHODS

A study was approved by the Institutional Ethics
Committee of Institute for Communicative and Cognitive
Neurosciences (ICCONS) duly constituted according to
the guidelines of Indian Council of Medical Research.
Written informed consent was obtained from the parents
of all the children who were recruited for the study.
Healthy school children aged 5-13 years were recruited
for this cross-sectional study through medical camps
organized in Thrissur and Palakkad districts of central
Kerala during the months of March and April 2017. A
total of 174 children (98 males and 76 females)
participated in the study. The mean age of the participants
was 8.99 +1.4 (mean+ SD) years. Data on height, weight,
skin color, food habits, physical activities and economic
status were recorded at the time of sample collection. All
the children were found to be healthy on the basis of their
medical history and physical examination by a
Pediatrician. As per the information from parents almost
all children received sufficient sunlight exposure through
their outdoor activities. None of the children had any
apparent symptoms of skeletal deformities. None of the
children had been taking any specific medications for at
least 3 months prior to sample collection. A 2ml of
peripheral blood samples were collected by venipuncture
in BD vacutainer serum tubes, and serum was separated
from the samples. A 200ul of serum sample was used for
vitamin D assay. Total vitamin D (consisting of vitamin
D2 and vitamin D3, the two bioequivalent forms of
vitamin D) was estimated by chemiluminescence
immunoassay technique using access 25(0OH) Vitamin D
total assay (Beckman coulter Inc, Brea, CA). The assay
was carried out in access 2 immunoassay System
(Beckman coulter).

Statistical analysis

Data distribution was not normal on Kolmogorov-
Smirnov test. Therefore, non-parametric tests were used
to find differences among groups (e.g. Mann-Whitney U-
test, Kruskal-Wallis test) and to examine correlations
between variables (e.g. Spearman correlation test).

RESULTS

Among the 174 subjects recruited for the study, 106
(60.92%) had deficient levels (<20ng/ml), while 53
(30.46%) had insufficient levels (21-29ng/ml) of vitamin
D. Only 15 (8.62%) participants had normal vitamin D
levels (>30ng/ml) (Figure 1A). The mean vitamin D level

was 19.93+6.6 ng/ml. Severe VDD (<10 ng/ml) was not
observed in any of the participants. Males had
significantly higher vitamin D levels compared to
females (Mann-Whitney U-test p=0.003) (Figure 1B).
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Figure 1: A) Vitamin D status among the study
participants, B) males had significantly higher
vitamin D levels compared to females.

While the mean vitamin D level in males was 21.37+7.4,
it was 18.065 in females. Among the females, 97.37%
(N=74) were either deficient or insufficient in vitamin D
and only 2.63% (N=2) had normal vitamin D levels.
Among the males, 86.73% (N=85) had deficient or
insufficient levels of vitamin D and 13.27% (N=13) had
normal vitamin D levels.

There was no significant difference in vitamin D levels
between children taking occasional non-vegetarian diet
(N=55; 32.74%) and frequent non-vegetarian diet
(N=108; 64.28%) (Mann-Whitney U-test p=0.08). Only
five participants (2.98%) were taking a strictly vegetarian
diet. Based on the color of their ration cards, the children
were categorized into four groups: most economically
backward [yellow card; N=6 (3.80%)], below poverty
line [pink card; N=87 (55.06%)], above poverty line [blue
card; N=59 (37.34%)], and non-priority [(white card;
N=6 (3.80%)]. There was no significant difference in
vitamin D levels between the four groups (Kruskal-
Wallis test p=0.801). Among the participants, 66 children
(38.6%) had fair skin color, 59 (34.5%) had intermediate
skin color, and 46 (26.9%) had dark skin color. There
was no significant difference in vitamin D levels between
the three skin colors (Kruskal-Wallis test p=0.462). The
mean vitamin D levels among children with fair,
intermediate  and dark  skin colors  were
21.23+8.3,19.55+5.4 and 18.64+4.9 respectively.

There was no significant correlation between age
(Spearman's rho=0.08, p=0.307), height (Spearman's
rho=0.01, p=0.869), weight (Spearman's rho=0.1,
p=0.093) and vitamin D levels.

DISCUSSION

In this study, a high prevalence (60.92%) of VDD was
observed among apparently healthy school children
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residing in central Kerala. Only 8.62% of the participants
had normal vitamin D levels. This is the first study of
vitamin D status among the school-age children of
Kerala.

VDD is a major health concern in India as in several
other countries. Country-wide studies have reported a
high incidence of VDD among healthy individuals
belonging to all age groups residing in different regions
of India.'*'*® In a hospital-based cross-sectional survey
among children aged 6 months to 18 years held in a sub-
urban metropolitan area of Chennai in south India, the
prevalence of hypovitaminosis D was 62.2%, among
whom only 3% had overt rickets.!* In another cross-
sectional study of apparently healthy school children
aged 5-10 years belonging to Jaipur in western India,
87.5% children were found to have sub-optimal/deficient
vitamin D levels.’®> The prevalence of VDD among the
school children of Kolkata in eastern India was found to
be 61%.1% Marwaha et al, have reported that 90% of
healthy school children in northern India are vitamin D
deficient.l’

There have been only few reports of vitamin D
assessment in Kerala population. In a cross-sectional
study of 79 children aged 1-5 years conducted in a
tertiary care hospital in central Kerala the mean vitamin
D level was found to be 18.1ng/ml, and subclinical VDD
was observed in majority of the children even though
they neither had rickets nor other clinical abnormalities.*®
In another cross-sectional study of 140 children aged 3-6
years conducted in the Wayanad district of north Kerala,
the mean 25 (OH) D level was found to be 22.7ng/ml.
VDD was observed in 47.1%, and insufficiency in 35%
of the participants.®®

About 90% of vitamin D is produced by sunshine
exposure of skin, and the rest comes from diet. Despite
the abundance of sunshine in Kerala, the region registers
some of the lowest levels of vitamin D in the country. To
prevent VDD, one should spend 15 to 20 minutes daily in
the sunshine with 40% of the skin surface exposed. Even
though most of the children who participated in present
study engaged in sufficient outdoor activities with > 1-
hour sunlight exposure per day, a high incidence of VDD
was observed among them.

Fatty fish, meat, egg and dairy products are good sources
of vitamin D. Even though 64.28% of the participants in
this study had been taking non-vegetarian diet frequently,
their mean vitamin D level was only 19.7ng/ml.
Concordant with this, vitamin D status among the
residents of West Bengal, who consume plenty of fish
daily, was found to be as poor as that in other parts of
India.?® However, Khan et al, observed significant
difference in vitamin D levels between children who
consume fish and those who do not consume fish at all.*®

In this study, 97.37% of the girls were either deficient or
insufficient in vitamin D, and only 2.63% had normal

vitamin D levels. Similarly, in a study conducted in
chennai, female children were found to be 1.9 times more
at risk of having VDD when compared to males.'*
Conservative concealed clothing styles and lesser
participation in outdoor activities could contribute to
decreased cutaneous vitamin D synthesis in females.
However, Khan et al observed no significant difference in
vitamin D levels between boys and girls.®

Serum vitamin D levels are dependent on the season of
blood sampling, found to be lowest in winter and highest
in summer.t® Variation in solar irradiation might have a
significant impact upon cutaneous synthesis of vitamin D
from sunlight. In a cross-sectional study carried out in
northern Kerala, Khan et al, observed significantly higher
vitamin D levels in samples collected during summer
when compared to other seasons.’® In present study,
blood samples for vitamin D analysis were collected
during the summer months of March and April when the
monthly average solar irradiance in Kerala is 6.08
kwh/m?/day and 5.08kwh/m?/day respectively. Available
at: (http:/lwww.synergyenviron.com/tools/solar
irradiance/Kerala). In spite of this, a high prevalence of
vitamin D was observed among the participants.

Studies have shown that skin color is relevant to vitamin
D synthesis. Individuals with dark skin color have been
found to be more often vitamin D deficient compared to
those with light skin color.?X However, we did not
observe any significant difference in vitamin D levels
between children with fair, intermediate and dark skin
colors.

There were no significant correlations between vitamin D
levels and age, height or weight of the participants.
Similar results were observed in a study of vitamin D
levels in northern Kerala.*®

There have been conflicting reports on the impact of
socio-economic status on vitamin D levels. While some
studies report higher vitamin D levels among low-income
families owing to more sunlight exposure, there are
reports that indicate a higher prevalence of VDD in lower
socio-economic strata.?>?® Haider et al, observed that
socio-economic conditions do not influence vitamin D
levels.?* In this study, there was no significant difference
in vitamin D levels among individuals above and below
the poverty lines. Similar results were observed by Khan
et al,'® in their study of vitamin D levels in north Kerala.

The exact cut—offs for deficiency and insufficiency of
vitamin D remains controversial among clinicians and
researchers. In present study, serum vitamin D level <20
ng/ml was considered as deficiency and 21-29ng/ml as
insufficiency, as per the recommendation of US
endocrine society.® Subsequently, as per the guidelines
of institute of medicine (IOM), it has been estimated that
serum vitamin D levels of 20 ng/ml meets the needs of at
least 97.5% of population across all age groups in
developed countries.?® According to their criteria, vitamin
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D levels >20ng/ml indicates vitamin D sufficiency; levels
of 15ng/ml or less are considered as deficiency,15-
20ng/ml as insufficiency, and 5ng/ml or less as severe
deficiency. There is an urgent need to arrive at a
consensus on this issue to avoid problems associated with
both under- and over- treatment for VDD.

This paper adds further evidence to the reports indicating
high prevalence of subclinical VDD among children
across India and calls for action. Health care
professionals should encourage children to adopt a
healthy lifestyle with adequate outdoor activities for
optimum sun exposure, and intake of diet rich in vitamin
D. Long-term strategies to address this issue include
national health policies that recommend screening for
VDD, public education on the importance of vitamin D,
prevention through supply of fortified food, and treatment
with vitamin D supplements.

A limitation of this study is the small sample size; further
studies in a larger population are warranted.
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